
1 Start here: what is “redox”?

Redox = reduction + oxidation. These are chemical reactions in which
electrons move from one molecule to another.

EVERYDAY EXAMPLE
Iron rusts because it gives electrons to oxygen in the air. The iron is
oxidized, and the oxygen is reduced. Oxygen is a very strong
“electron taker”.

Memory aid: OIL RIG, “Oxidation Is Loss, Reduction Is Gain” (of electrons).

2 What does E  measure?

E  (redox potential, in millivolts, mV) tells us whether an environment
tends to give away electrons or take them.

The rumen sits clearly on the negative, reducing side. Published values
in cows are roughly −90 to −220 mV, depending on the method and
time after feeding.

3 pH and E  are two different things

pH: protons (H⁺)
How acidic the rumen is. Low pH = many free H⁺ ions. It mainly depends
on acid (VFA) production, saliva buffering and acid absorption.

E : electrons (e⁻)
How reducing the rumen is. Negative E  = electron-rich, oxygen-poor
conditions. It mainly depends on O₂ entry and on how actively microbes
are fermenting.

ANALOGY
Think of temperature and humidity in a weather report. They are related (warm air can hold more water), but one cannot replace the other. pH and E
are similar: many reactions move H⁺ and electrons together, so pH influences E , but E  is not “another kind of pH”.

4 Why must the rumen stay reducing? 5 Why should a nutritionist care?

Page 2 follows the electrons: where they come from, where they go, and
what changes rumen E .

A–Z Key terms used in this guide
Anaerobe: organism that lives without O₂. Strict anaerobes are harmed by O₂. Reducing environment: electron-rich and O₂-poor, with negative E .

Electron donor / acceptor: molecule that gives / takes electrons. Reducing equivalents: electrons (with H⁺) removed from feed during
fermentation.

NAD⁺ / NADH: a reusable electron “shuttle” inside microbial cells. NADH is the
loaded form.

H₂ (hydrogen gas): the main way rumen microbes pass electrons to each other.

Methanogens: archaea that use H₂ + CO₂ to make methane (CH₄). mV: millivolt, the unit of E . More negative = more reducing.
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Rumen Redox Potential (E )
The forgotten fermentation parameter: from basics to research
Everyone in dairy nutrition talks about rumen pH. Far fewer talk about the rumen’s redox potential, even though
fermentation depends on it. This 3-page guide starts from zero and builds up.
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Oxidation = losing electrons.

Reduction = gaining electrons.

They always happen together: if one molecule loses electrons,
another must take them.
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Most rumen microbes (bacteria, methanogenic archaea, fungi,
protozoa) are anaerobes: they live without oxygen, and many are
inhibited or damaged by it.

The rumen works like a large, warm, sealed fermentation tank.

Some O₂ still gets in with feed and water and across the rumen wall.
Bacteria and protozoa use it up very quickly and keep it at trace levels.4,5

This constant “oxygen cleaning” is part of what keeps E  strongly
negative.

h

Fermentation is electron handling. When microbes break down
feed, they release electrons that must go somewhere.

Where those electrons go helps decide the VFA pattern (acetate
vs propionate) and methane output.8,9

Redox conditions help decide which microbes thrive.7
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6 The “hot potato” problem

Key idea: fermentation is not only breaking down feed and
producing acids. It is also a constant job of disposing of electrons.

7 Electron-flow diagram

FEED SUBSTRATES
carbohydrates · protein

▼

Microbial fermentation
hydrolysis · glycolysis

▼

Reducing equivalents
electrons stripped from feed

▼

NADH · ferredoxin · H₂
carriers must be emptied

▼

Electron disposal
▼

VFA profile + CH₄
+ microbial growth

Methanogenesis
main H₂ sink; keeps H₂ low

Propionate
its formation consumes electrons

Microbial biomass
growth uses reducing power

Minor sinks
e.g. unsaturated fatty acids, nitrate,
sulfate

8 Why the VFA pattern and methane are linked

One hexose (glucose unit) fermented to… H₂ balance

2 acetate + 2 CO₂ +4 H₂ released

1 butyrate + 2 CO₂ +2 H₂ released

2 propionate −2 H₂ used

9 Which microbes care about redox?

10 What changes rumen E ? What the studies show

Evidence tags: ESTABLISHED / IN VIVO  IN VITRO  MIXED / LIMITED  HYPOTHESIS / KNOWLEDGE GAP

Page 3 covers how E  is measured, why studies disagree, why farms don’t monitor it, and how researchers correct E  for pH.
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Follow the electrons
How redox balance shapes VFA, methane and the microbial community
Every mole of feed fermented produces electrons. Where they end up is one of the hidden drivers of rumen
function.

LEVEL 2 ·  MECHANISMS
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When microbes break down sugars, they strip electrons from them
and load them onto carriers: NAD⁺ → NADH and ferredoxin.9

A cell has only a small pool of these carriers. If they stay loaded,
fermentation stops. So the electrons must be passed on quickly,
like a hot potato.

We pass our electrons to O₂ by breathing. Rumen microbes have
no O₂, so they unload electrons into H₂, into reduced products
(propionate, butyrate, lactate) and into new microbial cells.8,9

Methanogens then use the H₂ (CO₂ + 4H₂ → CH₄ + 2H₂O). They act
as the rumen’s main “electron drain”.

Acetate and butyrate release H₂. Propionate uses H₂.9

Methanogens normally keep H₂ low, which lets fermentation favour
acetate. When H₂ builds up, emptying NADH becomes less
favourable and fermentation shifts toward propionate.  ESTABLISHED8,9

This is one reason propionate-rich fermentation tends to go with less
CH₄ per unit of feed fermented.

Fibre digesters (cellulolytic bacteria), e.g. Fibrobacter,
Ruminococcus: strict anaerobes. In vitro, removing O₂ with respiring
yeast supported their numbers.  IN VITRO6

Starch digesters (amylolytic bacteria): include some O₂-tolerant
species (e.g. Streptococcus bovis), so they are probably less sensitive.
Direct data are limited. GAP

Methanogens: very O₂-sensitive. Diet-induced E  changes were
linked to shifts in one methanogen group (Methanomicrobiales).

ASSOCIATION

h
7

Protozoa: consume about half of the O₂ entering the rumen
(bacteria the rest) and produce H₂.  IN VITRO5

Anaerobic fungi: strict anaerobes and H₂ producers. Their response
to E  in the living cow is largely unstudied. GAPh

h

Feeding: E  becomes more negative after a meal. In lactating cows it
fell from −88 mV before feeding to −165 mV 1 h after.  IN VIVO

h
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Rapidly fermentable carbohydrate: adding glucose to rumen fluid
lowered both pH and E . Adding VFA alone did not, so active
fermentation (H₂ production) drove the fall, not the acids.  IN VITRO

h
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Diet composition: diet changes shifted E  in one study.  Another found
that 0–56 % concentrate did not change mean E  (≈ −210 mV) in dry
cows.  MIXED

h
7

h
3

Oxygen entry with feed and water and across the rumen wall pushes
E  up. Microbes remove it rapidly.  ESTABLISHEDh

4,5

Live yeast consumes O₂  and lowered mean E  in dairy cows (−149 vs
−115 mV in controls).  LIMITED IN VIVO

6
h
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Saliva, rumination, feeding frequency: plausible influences, but direct
E  data are scarce. HYPOTHESISh

h h

h



11 How is rumen E  measured?

Why studies disagree:

There is no standard protocol, so absolute values rarely compare
across studies. No validated “optimal” rumen E  exists.

12 If it matters, why don’t farms measure it?

Why it is still valuable in research: it helps explain shifts in electron
disposal, VFA and CH₄ patterns, how additives such as live yeast work,
and how microbial communities assemble.

It is not a new routine farm diagnostic, and there is currently no evidence to use
it that way.

13 pH vs E : two windows

RUMEN pH RUMEN E

Acid–base environment Oxidation–reduction
environment

Driven by VFA production, buffering
and absorption

Reflects reducing vs oxidizing
conditions

Linked to acidosis risk and fibre
digestion

Tied to anaerobiosis and
microbial metabolism

Commonly monitored (boluses,
samples)

Rarely monitored outside
research

E  does not replace pH. The two measure different things and are best read
together.

★ Advanced: correcting E  for pH

Many redox reactions involve H⁺, so the same redox state reads as a
different E  at a different pH (≈ 62 mV per pH unit at 39 °C). To compare
samples fairly, researchers may normalise E  to pH 7 or use Clark’s rH:

E  ≈ E  − 62 × (7 − pH) [mV, 39 °C]

rH = 2·pH + 2·E ·F / (2.303·R·T)

Illustrative example: sample A (pH 6.0, E  −180 mV) → E  ≈ −242 mV. Sample B
(pH 6.8, E  −200 mV) → E  ≈ −212 mV. A looked less reducing on raw E  but is
more reducing after correction.

Lower rH = more reducing (dry cows averaged ≈ 6.3).  Both corrections assume
one H⁺ per electron. That is a convention, not a measured property of rumen
fluid.

? Open questions for research

“We routinely ask how acidic the rumen is.
Perhaps we should also ask how reducing it is.”

E  is not a replacement for pH and not a farm diagnostic yet. It is a second
window on the same fermentation, the electron side, and it sharpens
how we interpret diets, additives and methane.
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Measuring and interpreting E
Methods, limitations, pH correction and open questions
E  is valuable in research but hard to measure well. Knowing the pitfalls is essential before interpreting any
number.
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A platinum electrode is paired with a reference electrode
(commonly Ag/AgCl). The reading is converted to the standard
hydrogen-electrode scale, which gives E .h

The reading is a mixed potential from many redox reactions at once.
It is not a direct measure of NADH or H₂.

O₂ contamination: hand samples exposed to air read ~60–80 mV less
negative than samples from a closed anaerobic device.1

Time after feeding: E  changes by tens of mV within hours.h
2

Sampling site, temperature (39 °C vs bench), pH, and electrode
conditioning and equilibration time.

h

It needs cannulated cows or special anaerobic sensors. Stomach-
tube samples are exposed to air.

Electrodes drift and foul, and they equilibrate slowly in rumen fluid.

There are no thresholds linking E  to health, efficiency or milk yield.h

E  co-varies with pH, so it cannot be interpreted alone.h
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Does E  add predictive value beyond pH for subacute ruminal acidosis,
fibre digestion or methane? OPEN

h

How do feeding frequency, saliva flow and rumination affect E  in vivo?
OPEN

h

How do anaerobic fungi and specific methanogen groups respond to E
in the living cow? OPEN

h

Can a standardised, anaerobic, continuous E  protocol make values
comparable across studies? OPEN
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